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1
METHOD AND APPARATUS FOR VEHICLE
CREEP INTERRUPTION

TECHNICAL FIELD

This disclosure is related to control of propulsion for
motorized vehicles.

BACKGROUND

The statements in this section merely provide background
information related to the present disclosure. Accordingly,
such statements are not intended to constitute an admission of
prior art.

Powertrain architectures for vehicles include powertrain
systems that employ either one or multiple torque-generative
devices including internal combustion engines and non-com-
bustion torque machines that generate and transmit mechani-
cal torque either directly or via a transmission device to a
driveline for use as propulsion torque. A vehicle generates
propulsion torque when the vehicle is commanded on via an
ignition key and the transmission is in a propulsion gear, such
as may occur when a transmission range selector (PRNDL) is
manipulated to a propulsion gear, e.g., drive (D) or reverse

R).
SUMMARY

A method for controlling a vehicle employing a powertrain
system and a braking system coupled to vehicle wheels
includes interrupting vehicle creep operation upon detect
absence of a qualified operator in a driver’s seat when the
vehicle is in a propulsion state.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments will now be described, by way
of' example, with reference to the accompanying drawings, in
which:

FIG. 1 illustrates a vehicle including a powertrain system
controlled by a controller, in accordance with the disclosure;
and

FIG. 2 illustrates a vehicle creep interruption routine for
controlling the vehicle of FIG. 1, in accordance with the
disclosure.

DETAILED DESCRIPTION

Referring now to the drawings, wherein the showings are
for the purpose of illustrating certain exemplary embodi-
ments only and not for the purpose of limiting the same, FI1G.
1 illustrates an embodiment of a vehicle 5 including a pow-
ertrain system coupled to a driveline and controlled by a
control system. The vehicle 5 is configured as a four-wheel,
front-wheel drive passenger vehicle including a hybrid pow-
ertrain system that employs an internal combustion engine
(engine) 10, transmission 20 and an electrically-powered
torque machine 30. This disclosure may be employed on
other vehicle and powertrain configurations, including non-
passenger car configurations and non-hybrid powertrain con-
figurations. Like numerals refer to like elements throughout
the description.

The powertrain system includes the engine 10 and electri-
cally-powered torque machine 30 that generate torque for
transfer to transmission 20, which can be a multi-gear tran-
saxle device that transfers torque to drive wheels 60 via half-
shafts. A controller 12 signally connects to the engine 10,
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torque machine 30 and transmission 20 via communications
bus 18 to monitor and control operation of each, including
controlling operation to generate and transfer torque in
response to an operator torque request. The drive wheels 60
and non-drive wheels 70 are equipped with controllable fric-
tion brakes 40 that are controlled by a brake controller 45. The
brake controller 45 signally connects to the controller 12, and
may be configured as a mechanical controller for controlling
a hydraulic braking system, or an electro-mechanical control-
ler for providing traction control and other functionality asso-
ciated with controlling a hydraulic braking system, or an
electronic controller for controlling electric brakes, or
another suitable controller. The vehicle is mechanized with a
parking brake that may be mechanically activated and deac-
tivated with a foot pedal or lever, or may be electrically
activated and deactivated with a suitable actuator.

A passenger compartment of the vehicle 5 includes a driv-
er’s area 50 including a driver’s seat 51 on which a vehicle
operator sits to operate the vehicle, and an adjacent driver’s
door 55. The driver’s area 50 includes a plurality of human/
machine interface devices through which the vehicle operator
commands and controls operation of the vehicle 5, including
a steering wheel, driver information center 22, an occupant
restraint system including a seatbelt 53, an accelerator pedal
16, a brake pedal 17, a transmission range selector (PRNDL)
15, and an ignition switch 14.

The ignition switch 14 includes several states, including an
OFF state, an ON state, a START state, and an accessory
(ACC) state in one embodiment. A vehicle operator com-
mands the ignition switch 14 to one of the aforementioned
states by physically manipulating a key or activating an analo-
gous electronic or electromechanical device, thus controlling
vehicle operation. The vehicle operator selects a transmission
range and preferred direction of vehicle travel (if any) using
the transmission range selector 15. The vehicle operator
directs operation of the vehicle 5 to one of the ON state and
the OFF state using the ignition switch 14. The vehicle opera-
tor uses the accelerator pedal 16 to provide an acceleration
request and the brake pedal 17 to provide a braking request.

The driver information center 22 includes a plurality of
devices through which pertinent vehicle operating informa-
tion is conveyed to the vehicle operator and through which
control of individual vehicle functions may be controlled by
the vehicle operator. The driver information center 22
includes a vehicle instrument panel that includes, e.g., a
speedometer, odometer, fuel gage, malfunction indicator
lamps and the like. The driver information center 22 may also
include a user interface 23 that includes a display screen
and/or one or a plurality of indicator lamps and user input
devices in the form of a touch screen or another suitable
configuration. In one embodiment, the user interface 23
includes a multi-touch screen, which is a processor-con-
trolled visual display device having a touch-sensitive func-
tionality that includes a mapped function that is responsive to
tactile input. The multi-touch screen can also include an in-
vehicle touch-sensitive audio-visual interactive display
device in one embodiment. A user is able to interact with
displayed items by employing tactile input to manipulate an
on-screen image. In one embodiment, the multi-touch screen
can be a mutual capacitive display device or a liquid crystal
display (LCD) device configured to receive user inputs. Other
suitable multi-touch screen display devices may be employed
without limitation. The user interface 23 may include a dash-
board lamp that can be illuminated or displayed on the multi-
touch screen to indicate that vehicle creep interruption has
beenundertaken by the controller 12, including a capability to
countermand the vehicle creep interruption routine. An
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embodiment of a vehicle creep interruption routine that
includes indicating to the vehicle operator that vehicle creep
interruption has been undertaken by the controller 12 is
described with reference to FIG. 2. Other human/machine
interface devices can include those associated with vehicle
cruise control operation, HVAC, infotainment, and seat loca-
tion, among others.

The driver’s area 50 is configured with a sensing system to
detect presence or absence of an occupant in the driver’s seat,
including in one embodiment detecting whether the occupant
in the driver’s seat is qualified to operate the vehicle employ-
ing input from one or more of the sensors described herein.
The driver sensing system can include a single of one or a
combination of a seat sensor 52, a seatbelt sensor 54, a driv-
er’s door sensor 56 and a digital visioning system that
includes a camera 58. The seat sensor 52 preferably includes
one or more of a mass, displacement or thermal sensing
device that is configured to verify the vehicle operator’s pres-
ence in the driver’s seat 51. The seatbelt sensor 54 is config-
ured to verify that the seatbelt 53 is properly engaged when
the vehicle operator occupies the driver’s seat 51. The driver’s
door sensor 56 verifies that the driver’s door 55 is closed
completely. The camera 58 or a similar device detects pres-
ence of the vehicle operator for purposes of verifying identi-
fication or otherwise interacting with the vehicle operator,
preferably including a data analysis routine to generate a
signal to verify that a vehicle operator presently occupies the
driver’s seat 51. The camera 58 or a similar device may also
be configured to detect direction of the vehicle operator’s
eye-gaze. Each of the aforementioned sensing systems can be
any suitable combination of sensors and control routines to
generate signals that can be employed by a control routine as
described with reference to FIG. 2.

The illustrated vehicle may be configured to operate in one
of'an electric vehicle (EV) mode, a hybrid vehicle (HV) mode
and an internal combustion engine (IV) mode. Operating the
vehicle in the EV mode includes generating all propulsion
torque from the torque machine 30, which is driven by electric
or other non-combustion power. Operating the vehicle in the
HV mode includes generating the propulsion torque from
both the engine 10 and the torque machine 30. The engine 10
may execute autostart and autostop control routines during
operation in the HV mode and the EV mode. Operating the
vehicle in the IV mode includes one or more operating states
wherein all propulsion torque is generated by the engine 10.

The engine 10 is preferably a multi-cylinder direct fuel
injection internal combustion engine that converts fuel to
mechanical power through a combustion process. The engine
10 is equipped with a plurality of sensing devices and actua-
tors configured to monitor operation and deliver fuel to form
a combustion charge to generate torque. The engine 10 may
be configured to execute autostart and autostop control
schemes during ongoing operation of the vehicle. By way of
definition, the engine 10 is considered to be in an OFF state
when it is not being fueled and is not spinning. The torque
machine 30 includes a multi-phase electric motor/generator
electrically connected to an inverter module that is configured
to convert electric energy to mechanical power and convert
mechanical power to electric energy that may be stored in an
energy storage system. A single torque machine 30 is illus-
trated. Other embodiments may employ multiple torque
machines. Alternatively, other embodiments may employ
only an internal combustion engine and may not employ a
torque machine. Alternatively, other embodiments may
employ only a torque machine. The transmission 20 prefer-
ably includes any suitable device that effects torque transfer
between the engine 10, the torque machine 30, the transmis-
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sion 20 and the drive wheels 60. The transmission 20 may be
configured to operate in a fixed-gear mode, a continuously
variable mode, or another suitable transmission mode.

The communications path 18 includes high-speed data
transfer lines to effect communications between various ele-
ments of the vehicle, and may include one or more of a direct
connection, a local area network bus, a serial peripheral inter-
face bus and a high-speed communications bus 18. The
embodiment of the vehicle including the powertrain system
20 is illustrative. The controller 12 signally connects to accel-
erator pedal 16, brake pedal 17, transmission range selector
(PRNDL) 15, and ignition switch 14 to determine an operator
torque request.

The functions described as being performed by the con-
troller 12 may be combined into one or more devices, e.g.,
implemented in software, hardware, and/or application-spe-
cific integrated circuitry (ASIC) and ancillary circuits that are
separate and distinct from the controller 12. Information
transfer to and from the controller 12 may be accomplished
using communications paths including, e.g., communications
bus 18. The controller 12 signally and/or operatively connects
to the sensing devices of each of the torque machine 30, the
engine 10 and the transmission 20 via the communications
bus 18 to monitor and control operation and determine param-
eters thereof. The communications path 18 includes high-
speed data transfer lines to effect communications between
various elements of the vehicle, and may include one or more
of a direct connection, a local area network bus, and a serial
peripheral interface bus, and include a high-speed communi-
cations bus 18.

Control module, module, control, controller, control unit,
processor and similar terms mean any one or various combi-
nations of one or more of Application Specific Integrated
Circuit(s) (ASIC), electronic circuit(s), central processing
unit(s) (preferably microprocessor(s)) and associated
memory and storage (read only, programmable read only,
random access, hard drive, etc.) executing one or more soft-
ware or firmware programs or routines, combinational logic
circuit(s), input/output circuit(s) and devices, appropriate sig-
nal conditioning and buffer circuitry, and other components
to provide the described functionality. Software, firmware,
programs, instructions, routines, code, algorithms and similar
terms mean any instruction sets including calibrations and
look-up tables. The controller has a set of control routines
executed to provide the desired functions. Routines are
executed, such as by a central processing unit, and are oper-
able to monitor inputs from sensing devices and other net-
worked controllers, and execute control and diagnostic rou-
tines to control operation of actuators. Routines may be
executed at regular intervals, example each 100 microsec-
onds, 3.125,6.25,12.5, 25 and 100 milliseconds during ongo-
ing engine and vehicle operation. Alternatively, routines may
be executed in response to occurrence of an event.

The controller 12 executes routines to control operation of
the engine 10 in coordination with the torque machine 30 and
the transmission 20 to generate an output torque and output
speed to generate axle torque in response to the operator
acceleration request and the operator braking request. The
axle torque is either a positive (propulsion) torque or a nega-
tive (regenerative braking) torque. One of the control routines
provides creep operation to control operation of the torque-
generative devices, i.e., the engine 10 and the torque machine
30 to generate a magnitude of axle torque referred to as a
creep torque, which is a magnitude of axle torque that is
commanded when the operator acceleration request 16 is
zero, the transmission range selection 15 is one of the drive
ranges, e.g., drive (D) or reverse (R), and the vehicle speed is
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less than a speed threshold associated with creep operation,
which is at or near S MPH (8 kim/h) in one embodiment.

FIG. 2 schematically illustrates a vehicle creep interruption
routine 100 to determine whether to undertake an action to
interrupt vehicle creep that includes controlling operation of
the vehicle system of FIG. 1. The vehicle creep interruption
routine 100 is employed to control a vehicle system in a
manner that interrupts creep torque operation and stops
vehicle propulsion when one or more parameters fails to
indicate a suitable operator occupies a vehicle driver’s seat.
Table 1 is provided as a key to FIG. 2 wherein the numerically
labeled blocks and the corresponding functions are set forth
as follows.

TABLE 1
BLOCK BLOCK CONTENTS
101 Vehicle ignition monitor
102 Is vehicle ignition in ON state?
103 Driver seat monitor
104 Is driver seat occupied?
105 Parking brake monitor
106 Is parking brake set?
107 PRNDL monitor
108 Is PRNDL in P or N?
109 Override monitor
110 Is override activated?
120 Discontinue vehicle creep interruption
Permit creep torque activation routine(s)
130 Disable/interrupt vehicle propulsion
132 Apply brake
134 Disable electric motor propulsion
136 Shut off engine
138 Lock transmission into non-propulsion state
140 Alert operator - Illuminate dash light
150 Override disabled vehicle propulsion

Several parameters are monitored in routine 100, including
a vehicle ignition monitor 101, a driver’s seat monitor 103, a
parking brake monitor 105, a transmission range selector
monitor 107 and an override monitor 109. The monitored
parameters are employable to permit or interrupt vehicle
creep operation. Each of the vehicle ignition monitor 101,
driver’s seat monitor 103, parking brake monitor 105, trans-
mission range selector monitor 107 and override monitor 109
may be employed in other vehicle control routines and thus
may be monitored and updated at different rates. Thus, moni-
toring of the parameters may be sequentially executed in the
order shown, sequentially executed in another order, executed
in parallel, or executed otherwise. The parameters are moni-
tored to determine whether vehicle creep operation is appro-
priate, or alternatively, whether there is a need to interrupt
vehicle creep operation because the vehicle is commanded to
operate in a propulsion state without benefit of an operator
seated in the driver’s seat and without an override. Thus, other
suitable parameters may be monitored that provide similar
indicators that an operator is in the driver’s seat and/or an
override is in place.

The vehicle ignition monitor 101 includes sensors and/or
control routines that monitor an operator command for
vehicle operation as indicated by a position of an ignition
switch, e.g., ignition switch 14 shown with reference to FIG.
1. In one embodiment, the ignition switch 14 can be in one of
several operator-commanded states, including an OFF state,
an ON state, a START state, and an accessory (ACC) state.
The ON state indicates that an operator has enabled vehicle
operation in a manner that can lead to vehicle propulsion, and
the OFF, START and ACC states indicate that the operator has
not enabled vehicle operation in a manner that can lead to
vehicle propulsion. State of the ignition switch is periodically
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monitored (102). When the ignition switch is not in the ON
state (102)(0), there is no possibility that vehicle creep routine
(s) can be activated, and thus there is no further need to
consider executing routine(s) to interrupt vehicle creep (120)
this iteration. When the ignition switch is in the ON state
(102)(1), there is a possibility that vehicle creep routine(s)
can be activated, and thus there remains a need to consider
interrupting vehicle creep in view of other parameters.

The driver’s seat monitor 103 employs sensors alone or in
combination with routines to detect presence or absence of a
qualified operator in the driver’s seat. As shown with refer-
ence to FIG. 1, this can include input from one or more of the
seat sensor 52, seatbelt sensor 54, and digital visioning sys-
tem including camera 58. The camera 58 or a similar device
may detect direction of the vehicle operator’s eye-gaze,
which may be monitored to verify that the vehicle operator is
looking in the direction of the vehicle travel and thus attentive
to such travel. State of the driver’s seat monitor 103 is peri-
odically updated (104). When the driver’s seat monitor 103
indicates presence of a qualified operator in the driver’s seat,
and in one embodiment verifies that the vehicle operator is
looking in the direction of the vehicle travel (104)(1), vehicle
creep routines are permitted to be activated, and thus there is
no further need to consider executing routine(s) to interrupt
creep torque (120) this iteration. When the driver’s seat moni-
tor 103 indicates absence of a qualified operator in the driv-
er’s seat or indicates that the vehicle operator is not looking in
the direction of the vehicle travel (104)(0), there is a possi-
bility that vehicle creep torque can be activated, and thus there
remains a need to consider interrupting vehicle creep in view
of other parameters.

The parking brake monitor 105 detects an engagement
state of a parking brake to determine whether it has been
engaged or set by the operator (106). When the parking brake
monitor 105 indicates the parking brake has not been set
(106)(0), vehicle creep routines may be active, and thus there
remains a need to consider interrupting vehicle creep in view
of other parameters. When the parking brake monitor 105
indicates the parking brake has been set (106)(1), there is no
further need to consider executing routine(s) to interrupt
creep torque (120) this iteration.

The transmission range selector monitor 107 monitors an
operator selected transmission range to determine whether
one of the propulsion states has been selected by the operator
(108). When the transmission range selector monitor 107
indicates that none of the propulsion states have been selected
by the operator (108)(1), there is no further need to consider
executing routine(s) to interrupt creep torque (120) this itera-
tion. When the transmission range selector monitor 107 indi-
cates that one of the propulsion states, e.g., drive (D) or
reverse (R) has been selected by the operator (108)(0), vehicle
creep routines may be active, and thus there remains a need to
consider interrupting vehicle creep in view of other param-
eters.

The override monitor 109 monitors an operator selectable
switch that permits override of the vehicle creep interruption
routine 100 (110). When the override monitor 109 indicates
operator override (110)(1), there is no further need to consider
executing routine(s) to interrupt creep torque (120) this itera-
tion. When the override monitor 109 indicates absence of an
operator override (110)(0), vehicle creep routines may be
active, and thus there remains a need to consider interrupting
vehicle creep in view of the other parameters that indicate that
an operator is not in the driver’s seat.

When the monitored parameters indicate absence of a
qualified operator in the driver’s seat (together with all moni-
tored parameters indicating continuing need to consider inter-
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rupting creep torque) and an override is not in place, the
routine acts to interrupt vehicle creep by commanding and
executing specific steps to stop movement of the vehicle
and/or disable vehicle propulsion (130). This operation is
preferably executed in conjunction with alerting the vehicle
operator of the occurrence of the vehicle creep interruption by
illuminating a dashboard lamp and/or activating an audible
alarm (140) to indicate to the vehicle operator that such steps
have been executed. The audible alarm alerting the vehicle
operator of the occurrence of the vehicle creep interruption
can be a seatbelt alarm or another suitable audible alarm that
is mechanized on-vehicle.

Stopping the vehicle may include executing a command to
activate and thus apply braking, e.g., activating electrically-
controlled brakes to one or more of the vehicle wheels (132)
to counteract any commanded creep torque and stop move-
ment of the vehicle. This may include activating an electric
parking brake on systems so equipped. Disabling vehicle
propulsion may include disabling propulsion torque from an
electric motor when the vehicle is configured as a hybrid or
electric vehicle (134). Such disablement may include com-
manding a creep torque to zero and/or commanding vehicle
speed to zero, or commanding transmission operation to
achieve zero output speed at an output shaft of the transmis-
sion that couples to the drive wheels. Disabling vehicle creep
operation may include disabling propulsion torque by com-
manding the engine to an OFF state and shutting it down
(136). Disabling vehicle creep operation may include dis-
abling propulsion torque by disabling the transmission (138),
which may include shifting the transmission to a non-propul-
sion transmission range such as Park or Neutral.

The action to stop movement of the vehicle and/or disable
vehicle propulsion may be automatically discontinued when
the routine senses that a vehicle operator is in the driver’s seat.
Alternatively, the action to stop movement of the vehicle
and/or disable vehicle propulsion is countermanded when the
vehicle operator executes an affirmative command to override
the disabled vehicle propulsion, such as by an action of apply-
ing the brake pedal. Alternatively, the action to stop move-
ment of the vehicle and/or disable vehicle propulsion is coun-
termanded when the vehicle operator affirmatively
commands disabling the creep override via menu prompts
available through the user interface of the driver information
center. Alternatively, the action to stop movement of the
vehicle and/or disable vehicle propulsion is countermanded
when the vehicle operator manually releases or otherwise
deactivates the applied parking brake (150).

The disclosure has described certain preferred embodi-
ments and modifications thereto. Further modifications and
alterations may occur to others upon reading and understand-
ing the specification. Therefore, it is intended that the disclo-
sure not be limited to the particular embodiment(s) disclosed
as the best mode contemplated for carrying out this disclo-
sure, but that the disclosure will include all embodiments
falling within the scope of the appended claims.

The invention claimed is:

1. Method for controlling a vehicle employing a powertrain
system and a braking system coupled to vehicle wheels, com-
prising interrupting vehicle creep operation upon detecting
absence of a qualified operator in a driver’s seat when the
vehicle is in a propulsion state; and

countermanding said interrupting vehicle creep operation

when an operator manually releases a parking brake.
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2. The method of claim 1, wherein detecting absence of a
qualified operator in the driver’s seat comprises monitoring a
driver’s area of a passenger compartment for presence of the
operator in the driver’s seat.

3. The method of claim 2, wherein monitoring the driver’s
area of the passenger compartment comprises monitoring
output from one of a seat sensor, a seatbelt sensor, and a
visioning system including a camera.

4. The method of claim 1, wherein interrupting vehicle
creep operation comprises applying the braking system suf-
ficient to achieve zero vehicle speed.

5. The method of claim 4, wherein applying the braking
system sufficient to achieve zero vehicle speed further com-
prises activating an electric braking system.

6. The method of claim 1, wherein interrupting vehicle
creep operation comprises commanding shutoff of an internal
combustion engine of the powertrain system.

7. The method of claim 1, wherein interrupting vehicle
creep operation comprises commanding zero output speed
from the powertrain system.

8. The method of claim 1, wherein interrupting vehicle
creep operation comprises applying the braking system suf-
ficient to achieve zero vehicle speed and commanding opera-
tion of the powertrain system to achieve zero output speed at
the vehicle wheels.

9. The method of claim 1, further comprising counter-
manding said interrupting vehicle creep operation in response
to a command to override a disabled vehicle propulsion.

10. The method of claim 1, further comprising automati-
cally countermanding said interrupting vehicle creep opera-
tion upon detecting presence of the qualified operator in the
driver’s seat.

11. The method of claim 1, further comprising counter-
manding said interrupting vehicle creep operation when an
operator affirmatively commands said countermanding.

12. Method for controlling a vehicle including a powertrain
system and a braking system coupled to vehicle wheels, com-
prising:

monitoring a driver’s area of a passenger compartment to

detect absence of a qualified operator in a driver’s seat;
and

disabling vehicle propulsion upon detecting absence of the

qualified operator in the driver’s seat when a transmis-

sion range selector is in a propulsion state; and
countermanding said disabling of the vehicle propulsion

when an operator manually releases a parking brake.

13. The method of claim 12, wherein disabling vehicle
propulsion comprises applying the braking system sufficient
to achieve zero wheel speed.

14. The method of claim 12, wherein disabling vehicle
propulsion comprises commanding a powertrain shutoff
operation.

15. The method of claim 12, wherein disabling vehicle
propulsion comprises commanding operation of the power-
train system to achieve zero speed at the vehicle wheels.

16. The method of claim 12, wherein disabling vehicle
propulsion comprises applying the vehicle brake sufficient to
achieve zero wheel speed and commanding a powertrain
shutoff operation to achieve zero speed at the vehicle wheels.

17. The method of claim 12, further comprising enabling
vehicle propulsion in response to a command to override the
disabled vehicle propulsion.

18. The method of claim 12, further comprising counter-
manding said disabling of the vehicle propulsion upon detect-
ing presence of the qualified operator in the driver’s seat.
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